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II. THE LOCALIZATION OF THE CORTICAL TASTE AREA IN MAN AND
A METHOD OF MEASURING IMPAIRMENT OF TASTE IN MAN*
WALTER S. BORNSTEIN
I. THE PROBLEM OF LOCALIZATION OF THE CORTICAL TASTE
AREA IN MAN
In the first paper of this series, the literature of the problem of
the cortical representation of taste in man was reviewed. Three
localizations have been suggested: (1) the temporal lobe; (2) the
anterior insula; (3) the parietal operculum.
(1) The temporal lobe localization has found almost general acceptance.t
The term "temporal lobe" has, however, been used in three different senses.
Some authors have in mind the rhinencephalon, particularly the gyrus hippo-
campi and the uncus; others the temporal lobe proper; and still other writers
speak generally of the "temporal lobe" or "temporo-sphenoidal lobe." In
this general sense, the term "temporal lobe" has been applied in the previous
communication in order to cover the theories on rhinencephalon (allocortex)
and on temporal lobe proper (neocortex).$
(2) The insula theory of taste has found but few followers.§ Rose' has
stressed the fact that the insula receives no projection fibers from the thal-
amus, and this has been confirmed by the experiments of Le Gros Clark and
Russell7 on the monkey. Some clinical observations have suggested the exist-
ence of a synapsis of the gustatory system in the thalamus. This assumption
finds support from experiments on the monkey by Blum, B6rnstein, Brobeck,
and Ruch.lf If the gustatory pathway ends in the insular cortex, a direct
connection between thalamus and insula should be expected.
(3) It was concluded in the first communication that the weight of
* From the Laboratory of Physiology, Yale University School of Medicine.
The first paper of this series appeared in the YALE JOURNAL OF BIOLOGY AND
MEDICINE, Vol. 12, pp. 719-36; the concluding section of this paper will be
published in a forthcoming issue of the current volume.
t See the review in the first paper of this series, and Wilson's Neurology, ed. by
Bruce.28
t Ranson22 has pointed out that the gyrus hippocampi and the uncus might,
indeed, logically be assigned to the temporal lobe.
§ The insula theory has recently been favored by Gerebtzoff (Gerebtzoff, M. A.:
Les voies centrales de la sensibilite et du goLut et leurs terminaisons thalamiques.
Cellule, 1939, 48, 91-146).
¶f Not yet published.YALE JOURNAL OF BIOLOGY AND MEDICINE
anatomic and physiological facts favors the view that gustation in man is
represented in the opercular region of the parietal lobe.
The results of observations on man form the subject of the present paper.
The third communication in this series will deal with experiments on monkeys.
This paper will provide evidence for the representation of the
gustatory sense in area 43, i.e., in the base of the postcentral gyrus.
The evidence derives from observations on 12 patients with gusta-
tory disturbances caused by bullet wounds involving the parietal
lobe. It will also attempt to demonstrate that an elaborate technic
of testing is as necessary for the examination of gustatory acuity as
it is for examination of any other sensory function.
II. FACTORS WHICH HAVE DELAYED THE LOCALIZATION OF THE
CORTICAL TASTE AREA IN MAN
The fact that a definite demarcation of the cortical taste repre-
sentation has not yet been made is the result of several circumstances.
These indude:
(1) Severe defects of gustatory acuity may, in our experience,
escapethe patient'snotice. The fact that ataste solution will usually
reach both the normal and the defective areas of the gustatory field
in the mouth may explain the failure to perceive the defect. On the
other hand, slight impairments of taste are sometimes perceived.
(2) The methods of testing taste described in the clinical text-
books are, for the most part, unrefined. They apply arbitrarily any
substance which elicits the taste quality desired. If correspondingly
crude technics were used in examining for visual, tactile, or acoustic
functions, impairments of these functions would often remain
undetected.
(3) The demarcation of the cortical taste area has been ham-
pered by the fact that the neurologist is accustomed to thinking of
the sense of taste only in connection with the sense of smell. He
may examine the olfactory capacity of the patient and omit the gus-
tatory examination, or he may merely ask the patient if any impair-
ment of taste has been noticed since the onset of the disease.
(4) The literature shows that apparently minor or unrelated
factors which may diminish the gustatory acuity usually are not
noticed in the examination of taste. Thus, long-standing wasting
diseases, senescence, pathological coating of the tongue, or habitual
one-sided smoking may be at fault, while a coincidental pathological
process in the brain is held responsible for the defect of taste.
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(5) Individual differences in taste acuity are so great that a
pathological impairment of taste may mistakenly be assumed to
exist in a patient whose gustatory sensitivity is inherently poor.
In careful determinations on three experienced adult persons Hahn and
Gunther12 observed individual differences in the intensity threshold for sodium
chloride to be as great as tenfold, and in infants Kai Jensen"5 found large
individual differences in thresholds. Crozier8 has commented'on the "enor-
mous variations in the taste sensation aroused in different persons."
Slight differences between either side of the tongue with regard
to intensity thresholds are normal. This is due apparently to
slightly unequal distribution of the fungiform and vallate papillae
on the tongue.
III. TECHNIC FOR TESTING TASTE IN MAN
The results of taste examinations in man differ widely with
different authors. This is due to the individual differences in gus-
tatory acuity, to the methods applied, and to the fact that significant
phenomena of gustation are not always sufficiently taken into
account. These phenomena will be discussed briefly.
Taste qualities. Four taste qualities are recognized:-Sweet,
salty, sour, bitter. Each ofthese qualities can be elicited by different
chemical agents.
The sweet sensation is produced by chemical substances as different as
hexoses, di- and polysaccharides, chloroform, etc.; salty taste by chlorides and
bromides of sodium and potassium, etc.; sour by acids; bitter by a great many
alkaloids, by numerous glucosides, and by some other substances.
The different agents which produce a particular taste quality
may give such different threshold values that it is not possible to
speak generally of the threshold for any taste quality. Thus, com-
parison between the results of different examinations of a given taste
quality is not justified unless the chemical substance used was the
same. Nevertheless, the level of threshold values for the bitter
taste, elicited by any bitter stimulus, is characteristically different
from the values for the other taste qualities (see also latent periods,
p. 136; after-taste, p. 141).
The relations between the other three taste qualities are not yet
known.
Intensity thresholds. Man is by far most sensitive to bitter
stimuli.
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The sequence from lowest to highest intensity thresholds in man is said to
be: Bitter, sour, sweet, salty (Mitchell'6). The question of intensity thresh-
olds for the different taste-stimuli has not yet been sufficiently examined to
warrant such a general conclusion. It seems that the intensity thresholds for
sweet and for salty scarcely differ from each other.
The range of individual variation in intensity thresholds for
taste is greaf as compared with those of the "higher senses." The
values vary in some degree also within the individual (see Schur25),*
and intensity thresholds are, furthermore, dependent on the area
of the tongue stimulated.
Latent period. Perception of bitter has normally the longest
latent period.
The sequence from longest to shortest latency in man is said to be: Bitter,
sour, sweet, salty (see Parker'8). Accordingly, the latent period would
appear to be longer the greater the sensitivity. However, the latent periods
of taste qualities have not, as yet, been precisely determined.
The duration of the latent period is dependent also on the area
of the tongue stimulated. Latency is normally longest at the base.
A few clinical authors, such as Cushing,9 Pfeifer,2' Carmichael and Wool-
lard,6 not satisfied with the usual qualitative examinations of taste, have used
the duration of the latent period as an indicator of gustatory defects. How-
ever, they did not consider the fact that the latent periods might be modified
by the chemical structures of different substances with the same taste quality,
and by differences in the concentrations used (Bujas,5 and Elsberg and Spot-
nitz"). Furthermore, the mere measurement of the latent period does not
take into account other phenomena of disturbed gustation, as will be discussed
later (p. 140).
Functioml differentiation of the gustatory field on the tongue.
Each taste quality has its own region of maximal sensitivity on the
tongue. The tip of the tongue is highly sensitive to all four quali-
ties, but most sensitive to sweet and salty. The border of the tongue
is most sensitive to sour and also, according to some authors (Park-
er'8), to salty. The base of the tongue is most sensitive to bitter.
The fact that single areas of the tongue respond differently to the differ-
ent taste qualities might be due to a functional differentiation of the tongue as
a gustatory organ, as will be discussed elsewhere.
Some gustatory papillae of the tongue respond only to one taste
* The variation of taste values within the individual will be discussed elsewhere.
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quality, others to two or more qualities. The middle dorsal surface
of the tongue is not excitable by taste stimuli in adult persons.
Example.-A 25-year-old student recognized a 0.075% quinine hydro-
chloride solution on either side of the tip of the tongue as "bitter"; on the
right border as of "indefinite taste"; on the left border as having "no taste";
on either side of the base as "strongly bitter" and with long positive after-
taste (chiefly on the right base).
This example demonstrates the normally best sensitivity to bitter at the
base, and indicates that the next most sensitive "bitter" area is at the tip of
the tongue.
Gustation in areas other than the tongue. Taste is normally
developed in man not only on the tongue but also on the palate,
pharynx, tonsils, and epiglottis, and, according to the writer's obser-
vations, in some persons also on the mucosa of the lips, the under
surface of the tongue, the floor of the mouth, and the mucosa of the
cheeks. The taste function in man is subserved primarily by the
tongue, and examination of this organ is usually sufficient for clinical
purposes.
Choice of method for the purpose at hand.
When Pfaffman20 and Richter and MacLean23 examined the influ-
ence of methods on the intensity threshold values for salt they did not con-
sider the correlation between taste acuity and area of the tongue stimulated.
These authors examined either the gustatory acuity of the whole mouth or
"the middle of the subject's protruded tongue" (mentioned by Richter). The
method of determining taste thresholds elaborated by Hahn and Gunther12
(see also Pfaffman"9) is confined to one area only, the tip of the tongue.
Such methods are suited to examination of normal taste acuity as a whole;
they are not adequate for examination of pathological alterations of taste.
To detect pathological alterations of taste, neither the whole-
mouth methods nor examinations of only one area of the tongue are
applicable because, in organic lesions, different parts of the tongue
are usually involved in different manners and degrees. Therefore,
separate examinations of the several areas of the tongue are neces-
sary. For this purpose, the tongue is divided into right and left
halves, and each half into three regions, namely, tip, border, and
base.
Reliable threshold values are not obtainable from untrained per-
sons. Fortunately, supraliminal examinations are sufficient to reveal
pathological impairments of taste, as will be seen in this paper.
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The appropriate method for our purpose appears to be the "drop
method" with aqueous solutions.
Previously, the writer had applied gelatin droplets containing the taste
substance in the desired concentration. The advantage of this method is that
the stimulus substance remains well on the spot. In such experiments as are
presented here, however, it is desirable to stimulate areas rather than spots.
The gelatin method has the limitation that the liquefaction of the gelatin
varies in an unknown degree and speed; it must be borne in mind that only
aqueous solutions give rise to taste sensations.
Taste substances proposed for gustatory examninations. The fol-
lowing substances have been found satisfactory for the purpose at
hand in the series of experiments here reported. They are proposed
as standard substances: Cane sugar, sodium chloride,* citric acid,
and quinine mono-hydrochloride.
Graded stimulation. Examination with one concentration of each
taste substance is hardly adequate for the determination of taste
impairment. A slight defect can be detected only by a weak con-
centration; a strong concentration is necessary to reveal severe
disturbances.
Example.-A patient (New Haven Hospital) with a brain tumor showed
no impairment of taste when examined with an 8 o solution of citric acid,
but he did not taste a 4% solution on one side of his tongue. He suffered,
therefore, from severe impairment of taste (hypogeusia) but not from loss of
taste (ageusia) for sour on this side of the tongue.t
In order to determine the degree of gustatory impairment, each
of the four taste substances is offered in several concentrations which
are supraliminal for normal subjects. Corresponding regions on
either half ofthe tongue are compared with regard to their gustatory
acuity. The weakest concentrations used are easily recognized, at
least in the preference region, by "normal" subjects. The middle
concentrations are usually classified as "medium strong"; the strong-
est as "very strong."
The following concentrations are suggested for measuring
impairments oftaste in man:
* Table salt may contain tri-calcium-phosphate which is tasteless. On the other
hand, iodized table salt is not suitable for these examinations.
tThanks are due Dr. W. J. German for the opportunity to examine certain
patients with brain diseases at the Department of Surgery, Yale University School of
Medicine.
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In 100 cc. of water
Taste-substance gm. gm. gm.
Cane sugar ............ ...................... 4.0 10.0 40.0
Sodium chloride .................. ................ 2.5 7.5 15.0
Citric acid ............ ...................... 1.05.0 10.0
Quinine mono-hydrochloride ............................ 0.075 0.5 1.0
The solvent. Many authors, as v. Skramlik,26 Pfaffman,20 and
Richter and MacLean,2. have recommended distilled water instead
of tap water as a solvent, because the former is said to be tasteless
while tap water is not. From the theoretical standpoint it seems
possible, however, that distilled water might more easily injure the
soft taste-cells, and from the practical standpoint the use of tap
wateris more convenient. In orderto settle this question a compari-
son has been made between gustatory effects of tap water and
distilled water.
Ten members of the laboratory were examined. Each subject was asked
to take a "mouthful" (approximately 10 cc.) of each fluid, to taste it care-
fully, and to throw it out after 10 seconds. The two fluids were sampled by
each subject. There was an interval of one minute between stimulus presen-
tations in order to avoid the possibility of an effect by the first stimulation on
the second. The first five subjects listed in the table took first the cup with
freshly boiled distilled water; the other five took first the cup of tap water.
TI'he temperature of the fluids was 15-160 C.
Subject No. DistiUled water
1 Bitter?
2 No taste
3 Slightly sweet
4 No taste
5 Probably bitter, no after-taste
6 No taste
7 No taste
8 Slightly salty. After rinsing,
strongly salty
9 Slightly bitter; with bitter
after-taste for approx. 45
sec.
10 At first no taste. Just before
the end of tasting, defi-
nitely sweet on the base of
the tongue. No after-taste.
Tap water
No taste
Some indefinite taste
No taste
No taste
Probably bitter. Not different
from first cup; somewhat
stronger
No taste
Some indefinite taste
No taste; perhaps a little after-
taste; metallic; no taste.
After rinsing, slightly salty
Slightly acid, like lemon; a
slight astriction for approx.
I min.
No taste. Half a minute after
end of experiment slight in-
definite after-taste.
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Result of examination. Distilled water produced either no taste sensation,
or it was tasted as sweet, as bitter, or as salty. Tap water produced either no
taste sensation, or it was tasted as sour, as bitter, or as salty. The experiment
indicates that distilled water is quite as likely as is the tap water used to give rise
to taste sensations, and that this tap water has only a slight gustatory effect.
The fact that either solvent produced several kinds of taste qualities in differ-
ent trials suggests "non-specific" stimulations of different taste papillae.
In one instance, the bitter sensation-after distilled water-was followed
by a positive after-taste. This phenomenon suggests that bitter after-taste may
be produced by non-specific action on the taste papillae for bitter; in other
words, it seems probable that positive bitter after-taste is due not to the phy-
sical-chemical process on the surface of the end organ, but to the physiological
process elicited in end organ or nervous system.
The use of tap water as solvent appears to be justified by this experiment.
Temperature of taste solutions. Since taste is a chemical sense it
is clear that its reactions are influenced by temperature.
Hahn and Gunther12 and Hahn, Kuckulies, and Taeger13 have demon-
strated that temperature affects taste thresholds. Lowest threshold concentra-
tions for sweet and sour were obtained at temperatures between 34.5° and
370 C., whereas the optimal temperature for sensations of salty and bitter
was approximately 170 C. The temperature on the surface of the tongue
was decisive.
Since absolute thresholds were not determined in the experi-
ments herein described, all taste solutions were presented at room
temperature.
Phenomena of taste disturbances. If the strongest concentration
offered in the examinations is not perceived we are justified in speak-
ing oflack oftaste, ageusia, for the quality in question. Impairment
of gustatory acuity, hypogeusia, is characterized by increase of the
intensity threshold. To supraliminal concentrations the hypogeusic
patient indicates a "fainter sensation" on the impaired side of the
tongue, as compared with the "dear sensation" on the normal side.
The latent period in hypogeusic areas may be abnormally long, the
positive after-taste abnormally short. Parageusia is a qualitative
disturbance; the sensation is different from that which normally is
produced by the taste stimulus applied. A sweet solution, e.g., may
be tasted as bitter, a bitter solution as salty or as sweet, etc. It must
be noted that parageusias also occur normally and are then most
frequently elicited by weak solutions. They are possibly produced
in such cases by stimulation of taste papillae which usually subserve
different taste qualities (see p. 136 and p. 137).
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Examples.-A student of psychology tasted a 1.5%o citric acid solution on
the border of the tongue as "sour" but on the tip as "salty."
A 27-year-old neurologist tasted a weak (0.75%o) citric acid solution on
the right base as "clearly sour" but on the left base as "questionably bitter."
A patient with gustatory impairment tasted a citric acid solution of
medium strength as "clearly sweet," another time as "sweet-bitter."
Salty, sour, and bitter solutions are normally often difficult to
distinguish in weak concentrations. On the other hand, untrained
persons frequently confuse the names of these three taste qualities
even though they report having recognized each. The gustatory
sensation may last for seconds, minutes, or even hours after removal
of the taste stimulus from the gustatory field. This phenomenon is
called "positive after-taste." In subjects with normal taste capacity,
it is produced most noticeablyby bitter stimuli. It has been observed
predominantly on the base. Sweet, salty, and sour stimuli may also
give rise to positive after-taste, chiefly on the base, but these after-
tastes appear less frequently and are of shorter duration than is the
after-taste for bitter.
Example.-A 40-year-old psychologist observed a positive after-taste on
the base of the tongue from all four taste qualities. Its duration was longest
after the bitter stimulation (0.075%o quinine hydrochloride solution); shorter,
about 2 minutes, after a 4.0%o cane sugar, and, on the left base, after a 2.5%o
NaCl solution. It was shortest after a 1.0%o citric acid and, on the right
base, after the 2.5%o NaCl solution. On the border of the tongue, positive
after-taste was observed only after the bitter solution. Exact time values of
the after-taste durations were not determined in our cases.
In cases of gustatory impairment, positive after-taste may be
shortened on the involved side of the tongue. An after-taste quali-
tatively different from the original taste quality may be called
"negative after-taste." It is normally produced by a number of
sweet substances, such as saccharine, which give rise to bitter after-
taste. The following examples show another kind of negative after-
taste, and the first demonstrates that its subjective strength may be
greater than that of the original sensation.
Examples.-A medical student tasted a 1.0%o citric acid solution on the
right base and on the left border as "weakly acid," and as "fairly strong acid"
respectively, both with positive after-taste; on the left tip as "weakly acid,
with strong sweet after-taste." A 5.0%o citric acid solution was tasted on the
tip as "acid, with strong sweet after-taste."
A young neurologist experienced on the right tip of the tongue in one
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instance a 5%o citric acid solution as "very strongly sour"; followed by a
"very bitter," persisting after-taste.
The pathological significance of negative after-taste has not
been thoroughly examined.* A single stimulus may give rise to
two successive, different taste-sensations while the stimulus is still
acting on the gustatory field. The second sensation is usually ade-
quate to the stimulus. This phenomenon may be called "negative
ante-taste." It seems to occur more frequently in cases of taste dis-
turbance than in persons with normal taste.
Examples.-A 28-year-old psychologist when stimulated with a very weak
tartaric acid solution (0.5%o) reported "development of taste from sweet to
sweet-sour." When examined with a 5.0%o NaCl solution, he observed on
the right border of the tongue: "For some time nothing; then impression
that salty develops from sweet."
A patient speaks of "bitter, with gradual transition into sour" (p. 152).
Under continuous application of one taste stimulus the excita-
bility to this stimulus decreases, the taste sensation finally fading
away. Normally, this phenomenon develops with inequal speed for
the single taste qualities. The fading away has sometimes been
observed bythewriter as occurring morerapidly in cases of impaired
gustation. This pathological decrement is probably due to "sensory
fatigue" rather than to abnormal "negative adaptation." It is not
certain whether there is in normal subjects an inverse relationship
between strength oftaste stimulus and duration of the latent period;
the observations reported later in this paper indicate that the latent
periods for taste stimuli are longer on the impaired than on the
normal side of the tongue.
Procedurefortesting tasteimpairment. The solutions mentioned
above are applied to the tongue by means of pipettes 3.5 inches in
length, with a diameter of 0.2 inch at the bulb end and 0.05 at the
tip. The pipettes are slightly curved in order to reach the base of
the tongue. Each pipette is marked, and used for one taste quality
only during each session. The pipettes are equipped with a rubber
bulb. Two drops are applied in each trial to ensure stimulation of
* The term "negative after-taste," as used here, covers, therefore, any gustatory
after-image which is qualitatively different from the original sensation; in contrast
to the more circumscribed term "negative after-image" in the field of vision.
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a sufficient number of papillae. The tongue remains outstretched
until the subject has noted, on a chart in front of him bearing the
words "Sweet-Salty-Sour-Bitter," the quality that he has per-
ceived. Each region of the tongue is tested several times during the
examination with the same concentration of the same taste substance.
The head ofthe subject is slightly bent in order to avoid a spreading
ofthe drops to another area. Bitter is thelast qualitytested, because
of its enduring after-taste. Between trials, the mouth is rinsed with
tap water at room temperature, or a morsel ofwhite bread is chewed.
The interval between two trials is at least 30 seconds in order to
avoid an influence, such as contrast, induction, or inhibition, from the
preceding to the next stimulation. The subject is asked to report
whether he has perceived "any taste," and if so, what the substance
tasted like. Thus, both "perceptive" and "cognitive" functions are
considered. Each stimulation and the response of the subject are
tabulated in sequence. The number of all trials in one session was
seldom more than 50, and in no case did the session last more than
60 minutes. The session was interrupted in those few cases in which
the subject reported fatigue. The examination was made not earlier
than two hours after the last meal so that there was no influence
from food remnants.
Testing of olfaction. In order to demonstrate that gustatory and
olfactory functions may be dissociated by cortical lesions, the sense of
smell has been examined in our cases. The method used-Born-
stein2 (see also Hirsch"4 and Nadoleczny"7)-is based upon the fact
that different olfactory stimuli act with different intensities. Ten
substances have been arranged in a scale corresponding to their olfac-
tory intensities. Other substances have been added which act also
on the tactile and gustatory organs, respectively.*
IV. CLINICAL STUDIES
The cases reported here do not include lesions resulting from
tumors orsoftenings which are often difficult to interpret with regard
to theproblem of cortical localization. All of the cases studied were
young men who had suffered from bullet injuries, except for one
case of subdural hematoma after transplantation of bone. The
studies were made several years after the lesion occurred, and were
* Other methods of testing smell have been worked out for clinical purposes by
Elsberg and Lewy,'0 v. Skramlik,27 and other authors.
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carried out at the Neurological Institute at Frankfurt-am-Main.
The localization of the lesions in the brain is based upon:
(i) The projection of the bone scar upon the surface of the brain. The
method applied for this purpose has been described by Witzel and Heiderich,29
and was proved to be accurate by a postmortem examination in the first case,
and by examinations in other autopsies especially of younger people.*
(ii) X-rays.
(iii) Neighboring signs and symptoms. In an earlier paper' it was
demonstrated that damage to the sensory tongue center in the cerebral cortex
causes pathological increase of the coating of the tongue, involving chiefly the
contralateral side of the tongue. Since the taste area in the cerebral cortex
was assumed to lie in the lowest part of the postcentral gyrus, the following
neurological syndrome was considered characteristic of a lesion in the neigh-
borhood of the cortical taste center: (a) pathologically increased furring of
the tongue; (b) hypesthesia in tongue and mouth; (c) hypesthesia and
paresis in the hand, mainly in thumb and index finger; (d) paresis of chewing
muscles; (e) epileptic seizures beginning in tongue, face, and hand, all of
these signs involving the contralateral side of the body chiefly; (f) motor
aphasia, if the lesion is in the dominant hemisphere. We may denote this
syndrome as the parietal operculum syndrome.
Case reportst
(A) Lesions in pre- and postcentral gyri of left hemispheres. "Cortical type"
of gustatory and tactile impairment of the tongue. Three cases.
CASE 1. Patient F. This patient had a bullet wound in the left parietal bone,
with a parietal operculum syndrome and "cortical type" of gustatory disturb-
ance, i.e., impairment involving chiefly the contralateral and to a slight degree
the ipsilateral half of the tongue. The patient's age at the time of the injury
was 26 years. The examinations took place three and four years after the
lesion. There was a postmortem examination of the brain.
General symptoms and signs
Subjective symptoms. When the patient became tired he first noted
stiffness and numbness on the right side of the tongue, as before a seizure.
He was unable to chew on the right side of the mouth, and salivated freely
from the right angle of the mouth. The first three fingers of the right hand
and the right hallux were weak and felt numb, becoming cold easily.
Neurological state. The right side of the tongue was heavily coated.
Hemihypesthesia was confined to the right side of the body, involving chiefly
* In older people the frontal lobe usually shrinks.
t Only those clinical signs and symptoms of interest for our purpose are reported
here. The concentrations of taste solutions used were in some cases different from
those subsequently adopted for routine testing.
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the following regions: tongue, mucosa of the mouth (less on the palate, more
on the cheeks), nostril, lips, chin, thumb, index finger and radial part of the
middle finger, and the hallux. Severe paresis occurred in the right chewing
muscles, with wasting of right masseter, in the right thumb, index finger,
and less in the middle finger. Swallowing was impaired. Gagging and nausea
were easily elicited by touching the base of the tongue. There were epileptic
seizures, beginning objectively with clonic movements in the right angle of
the mouth and sometimes also in the right eyelid and jaw, accompanied by
deviation of eyes and head to the right side, terminating with a spread of the
seizure over the whole body. After seizures, the tongue was often rolled to
the left side, the right side of the tongue being hard, and there was inability
to speak for some time. There were residual pure motor and slight amnesic
aphasia and slight acoustic disturbances.
Scar. No particular findings were demonstrable by x-ray examination.
There was a pulsating pear-shaped scar on the lower half of the left parietal
bone. Its medial angle lay 4.5 cm. and its lateral angle 9.0 cm. from the
sagittal suture; the length of the base was 6.0 cm. The projection of the
scar upon the surface of the brain covered the third quarter and the upper
half of the fourth (the lowest) quarter of the pre- and postcentral gyri.
First examination of taste
Subjective symptoms. During the first weeks after the lesion, the patient
was aware of complete loss of taste. Later no gustatory disturbance was
noted. However, severe anorexia following the lesion was notable, and his
favorite foods were no longer enticing.
Results of examination. Forty-two trials were made in all.
(i) Sweet. (a) Right half of tongue. At the base, border, and tip there was
ageusia. In each region the only sensation was that of coolness. It may be
noted that the patient perceived the taste on the right side of the palate when
he pressed the tongue against it. (b) Left half of tongue. There was slight
hypogeusia (cool, then sweet) at the base; hypogeusia and parageusia (cool,
then slowly bitter) at the border; slight hypogeusia (cool, then clearly sweet)
at the tip of the tongue.
(ii) Salty. (a) Right half of tongue. At the base there was ageusia (with
10% solution); at the border there was ageusia ("only cool"), and once
when tap water was offered the patient without his knowledge he detected no
difference from the 10o% salt solution. There was hypogeusia at the tip, in
one test 5%0 and in two 10%b solutions were not tasted; in another test with
5%o solution the reaction after a long latent period was "cool, then bitter-
salty." (b) Left half of tongue. Slight hypogeusia ("cool, then clearly
salty") was present at base and border, while at the tip there was only very
slight hypogeusia, delayed with a 5%o solution, but prompt with 10%o.
(iii) Sour. (a) Right half of tongue. There was ageusia at the base, at the
border (5%o solution perceived as "cool and sharp"), and at the tip ("only
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cool, fluid"). (b) Left half of tongue. There was definite taste at the base,
accompanied by shuddering after a 5% solution. At the border there was
very slight hypogeusia (0.3%o, i.e., very weak solution, in one trial not per-
ceived, but in another
trial "cool, then
sour"). Both the 0.3
001-,^ ' and the 5%o solutions
were tasted at the tip,
the latter being desig-
nated as "sharply sour."
-01' ^ (iv) Bitter.* (a) Right
''t ;. t LwL "; * L half of tongue. There
was ageusia ("cool")
- at the base, but after
closing the mouth it
A was tasted on the pal-
ate, ageusia at the bor-
-; v / der ("cool, watery"),
s~est 5vt and at the tip. (b)Left
half of tongue. Taste
R L' \Pw j * tL t L was normal at the base
0 ** S,ot . *oG and border, with a
latency, which is typi-
cal for bitter taste.
1 /\. v L / \ There was very slight
hypogeusia at the tip,
Swtt Sthe first drop being
bitter or sour, the sec-
FIG. 1. Case 1. The taste tests recorded in the second
row were made one year after the tests of the top row. ond drop bitter.
Location of the lesion: Lines circumscribe the location
of the lesion on the brain cortex, as determined by the
methods described in the text. The shading outside of
th;c on-a ;n£RZ-nI.OL flL. odiJ apniL r;oeJAi JL +LZZ- i-.rJA -
Second examirnation of
taste
affected by the lesion, as suggested by the clinical signs. A second examina-
Tactile sensibility of the tongue: Cross-hatching indi- tion, with 33 trials, was cates severe somato-sensory impairment, the density of made one year after
the shading indicating the degree of severity.
Taste on the tongue: Four degrees of gustatory im- the first (four years
pairment are distinguished: Very slight hypogeusia is after injury), with the
indicated by (+); slight hypogeusia by dotted lines; followi hypogeusia by solid lines; ageusia by cross-hatching. ng results Intact gustatory function is indicated by +. Where (i) Sweet. (a) Right
examination was not possible a question mark replaces the half of tongue. The
other SigtlS.
I Ifo voge
h
base exhibited ageusia
(a 10%o solution being designated "only cool"), as did the border (a 10%o
*In this particular test, bitter was examined in each trial only with 0.5%o
solution.
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solution being once "cool," once "warm"), while at the tip there was ageusia
with a 3 o solution perceived as "warm" and "cool" respectively. (b) Left
half of tongue. The base was not examined because of the severe vomiting
reflex. Taste was intact at the border, but at the tip there was slight hypo-
geusia (3 o solution "at first like warm water, then sweet").
(ii) Salty. (a) Right half of tongue. The base not certain because of the
severe vomiting reflex. There was hypogeusia at the border (2.57o solution
giving a delayed "sour or salty" reaction; a 20%'o solution "cool, without any
taste"), and slight hypogeusia at the tip (2.5%o solution, "mixture of salt and
sour," and delayed). (b) Left half of tongue. Again, because of vomiting,
the base could not be tested. The border was intact, while at the tip there
was very slight hypogeusia (2.5%o solution giving a delayed "mixture of
salt and sour," and "sour"; but both times considerably clearer than on the
right tip).
(iii) Sour. (a) Right half of tongue. No test at the base because of vomit-
ing. At the border there was hypogeusia (delayed) and parageusia ("at first
cool; then slowly salty"), while at the tip the hypogeusia was slight ( %o
solution intact; 5%o solution "at first sharp, then a mixture of salt and sour").
(b) Left half of tongue. There was again vomiting with no test at the base.
The taste was intact at the border, but there was slight hypogeusia at the tip-
(1 o solution "sharp, at first burning like salt, then a mixture of salt and
sour"; 5%o solution "very sharp, rather salt than sour").
(iv) Bitter. (a) Right half of tongue. No test at the base. At border and
tip there was ageusia with 0.075%o solution. (b) Left half of tongue. At
the border the taste was intact ("warm and bitter" with 0.075%o solution, a
slight latency, but this is usual with the bitter test), and the tip also was intact,
with slight latency.
Olfaction
There were no subjective olfactory disturbances. The examination
revealed anosmia (loss of smell) on the right side and hyposmia (impairment
of smell) on the left side. There was a marked deviation of the nasal septum
to the right, and the right middle concha touched the septum. The patient
breathed through his mouth.
Localization of the lesion. The site of the scar and the clinical signs and
symptoms pointed to a lesion at the cleavage of the left hand and face areas,
reaching rostrally into the second and third frontal gyri. The clinical state
revealed that the lowest part of the parietal operculum had been involved by
the lesion (Fig. 1).
Postmortem examination
A nearly round scar, approximately 1.5 cm. in diameter, was situated at
the middle third of the pre- and postcentral gyri. The scar was 0.5 cm.
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deep and sharply demarcated from the surrounding tissue. The base of the
scar was covered with small cysts. The lowest part of the pre- and postcentral
gyri (parietal operculum) showed, macroscopically, no destruction. No
microscopic examination was made.
Summary
A bullet wound in the left parietal lobe caused, in a 26-year-old man,
the parietal syndrome described above. Examination of the gustatory sense
three years after the injury revealed ageusia for all four qualities on the entire
contralateral side of the tongue, except for a hypogeusic area for salt, on the
contralateral tip of the tongue. On the ipsilateral side of the tongue taste
was intact or only slightly impaired. A year later a considerable improvement
was seen. However, taste for sweet and bitter* had apparently not improved
on the contralateral side. The border of the tongue was most disturbed. In
the regions with loss of taste, tactile sensibility was present for cool, warm,
and sharp. In the regions of hypogeusia, the tactile sensations from the taste
solutions showed a shorter latent period than the gustatory sensations. Despite
its severity the impairment of taste was recognized by the patient only during
the first few weeks after the lesion, when it might have been more severe
than later. Anorexia, however, persisted.
The olfactory defect, unnoticed by the patient, was not caused by cerebral
destruction, for in that case the defect might have involved the ipsilateral side
more than the contralateral, but it was caused by peripheral blocking of the
breathing passages.
CASE 2. Patient K. This patient had received a bullet wound in the
left parietal bone. There was a complete pure motor aphasia (mutism) and
slight sensory aphasia during the first weeks after the lesion. In the first
period severe paresis of the tongue was observed by the patient: "The tongue
did not do what I wanted it to." There were, furthermore, paresis in the
right facial muscles, anesthesia in the right half of the mouth, paresis and
anesthesia in the right thumb, and hypesthesia in the entire right side of the
body. No epileptic seizures. The patient's age at the time of injury was
33 years, with examination 5 years after the lesion.
General symptoms and signs
Subjective symptoms. The patient complained of numbness and weakness
in the right half of the mouth and in the right hand and foot.
Neurological state. Hemihypesthesia and hypalgesia in the right side of
the body were observed. The radial fingers and toes were more involved
than the ulnar parts. There were anesthesia and analgesia on the right
*The mere application of weak solutions does not warrant a definite statement
in this case.
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border and tip of the tongue and hypesthesia and hypalgesia on the right side
of the base.* Paresis occurred in the right angle of the mouth and in the
right arm and leg, chiefly in the distal parts. There was slight residual motor
aphasia.
Scar. The entrance of the bullet was at the level of the coronary sulcus,
6 to 7 cm. above the tragus of the left ear, and the exit of the bullet was 7 cm.
behind, at the same level. X-ray plates showed that the left parietal bone
was depressed by the injury.
Examnination of taste
Subjective symptoms. This patient had noticed that he tasted salt less
well than before injury, but said that appreciation of sweet, sour, and bitter
was normal.
Results of examination. In this case 43 trials were made.
(i) Sweet. (a) Right half of tongue. At the base there was a slight hypo-
geusia, a strong sugar solution being perceived as sweet but the weak solution
as "a little like sour." The border was ageusic. The tip was hypogeusic, i.e.,
ageusia for weak solution and delayed perception for strong solution.
(b) Left half of tongue. Gustation was intact at the base, and at the border
there was only very slight hypogeusia (delayed reaction to a weak solution,
which was perceived as "bitter-sweet" and as "a little sweet" respectively).
At the tip was slight hypogeusia (weak solution was not tasted in one test,
in another, it was "not definitely sweet"; the stronger solution was perceived
as "bitter").
(ii) Salty. (a) Right half of tongue. At the base, taste was intact. There
was slight hypogeusia (taste was impaired and delayed) at the border, more at
the tip (weak solution was not perceived, the strong solution was said to be
''sour," after several drops). (b) Left half of tongue. Gustation was intact
at the base and border. At the tip there was slight hypogeusia (a weak solu-
tion was not tasted, but the strong solution was readily perceived).
(iii) Sour. (a) Right half of tongue. The base and tip were hypogeusic;
the border was ageusic (weak and strong solutions were not tasted). The
palate was sensitive to a weak solution. (b) Left half of tongue. Taste
was intact over the whole left side, except that the border was slightly hypo-
geusic (weak solution delayed, but strong solution well tasted).
(iv) Bitter. (a) Right half of tongue. At the base there was no impairment.
The border was hypogeusic or ageusic (tested only with the weak solution
which was not perceived). The tip was slightly hypogeusic (in one trial
after a long latent period a taste was experienced but not recognized, the
patient responding: "such a foolish taste." In a second trial, after a like trial
on the left side, taste was well perceived). (b) Left half of tongue. At base,
border, and tip, the gustatory acuity was not impaired.
* Whether the tongue was furred to an abnormal degree was not noticed in
this early case.
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Olfaction
No subjective disturbance of olfaction was noted. There was slight
hyposmia on both sides. The patient suffered from frequent colds.
Localization of lesion. The projection of the scar suggests that the face
and tongue areas of the pre- and postcentral gyri were implicated. The
neurological examination indicates that the lesion also involved the frontal
operculum and, to a lesser degree, the motor and sensory areas for the fingers.
Summary
A bullet wound in the left parietal lobe caused in a 33-year-old man
clinical signs which indicated that the motor and sensory portions of the upper
part of the parietal
11 La operculum were chiefly
involved. Most seri-
/ t - .ously impaired was the
/ /--/-1tactile sensibility of the
/ -1- - -lIi tongue, the border and
- - | , tip being more affected
e - y than the base. Exami-
nation of the gustatory
sc-bSL t , sense 5 years after the
t. injury revealed on the
+.zCD,.,,t+e cv\ | '&1 ( t ijoe(contralateral border an
- ageusia for sweet, sour,
and (for weak solu-
tion) bitter, with a slight hypogeusia for salty. On the contra-
s tt SL* O a ttav lateral tip was a hypo- FIG. 2. Case 2. In this case bitter was tested with geusia (sweet, salty only a weak solution, with which ageusia was found. g
(See legend to Fig. 1 for further explanation of the sour) or slight hypo-
record.) geusia (bitter), and on
the contralateral base
only sour and sweet were impaired. The distribution of the gustatory dis-
turbances corresponded roughly to the distribution of the tactile impairment.
As in the first case, the border was most impaired (except for salty). On the
ipsilateral side, taste was only slightly disturbed. Parageusias were not con-
spicuous in this case, although a sweet solution was once perceived as "sour"
and another time as "bitter," and a salty solution was once said to be "sour."
Salty was the only quality which the patient believed to be defective and this
quality was objectively least disturbed.
The olfactory impairment was only slight, and equal on both sides,
obviously due to the frequent colds.
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CASE 3. Patient 0. This patient had suffered a bullet wound in the
left parietal lobe, without clinical signs of a brain lesion. After implantation
of a grafted bone a large subdural hematoma developed and was accompanied
by a complete, purely motor aphasia, severe paresis of the right arm and leg,
and a slighter paresis of the right facial muscles. After removal of the grafted
bone the symptoms partially receded, especially in the leg, but there remained
a parietal operculum syndrome with a cortical type of gustatory disturbance,
and also complete anosmia was found. The patient's age at the time of injury
was 19 years, with examination 6 years after the lesion.
General symptoms and signs
Subjective symptoms. The patient salivated freely from the right angle
of the mouth. He could no longer close the right eye separately. The right
arm was weak, the thumb and index finger markedly so. He failed to recog-
nize common objects in the right hand. The right hand sweated more pro-
fusely and was subjectively cooler than the left hand. The right leg was
more easily fatigued than the left, and there were paresthesias. Disturbances
of chewing had not been noticed. Epileptic fits began with a "beat" in the
right forearm and with its contraction.
Neurological signs. The right half of the face was hypotrophic. The
right forearm was livid when cool. The right hand was slightly hypotrophic.
The right side of the tongue was abnormally coated, the left side only a bit
more than normal. Hypesthesia was confined to the right side of the body
and involved chiefly the hand and the tongue-mostly laterally and decreasing
from base to tip-and also the right half of the inner part of the mouth.
There was hypalgesia in the right thumb and index finger, impaired stereog-
nosis in the right hand, and impairment of the sense of posture and passive
movements, chiefly in the two ulnar fingers. Paresis occurred chiefly in the
right thumb, index finger, and little finger, with slighter paresis in the right
side of the face and less in the right leg. The right masseter was slightly
hypotrophic; the right pteroideal muscles were paretic. Epileptic seizures
began in the right arm, the head turned to the right side, and clonic movements
involved the whole body, more on the right side. There was a slight residual
pure motor and slight amnesic aphasia, and slight concentric narrowing of the
acoustic acuity (see B&rnsteins).
Scar. No particular findings were demonstrable by x-ray examination.
There was a defect, approximately the size of an egg, in the left parietal bone.
The projection of the scar upon the surface of the brain covered the middle
third of the central sulcus, viz., 0.8 cm. of the second and 2.2 cm. of the
third fifth of the sulcus, from 1 cm. behind the sulcus to 4 cm. rostrally.
Examination of taste
Subjective symptoms. The patient believed that his gustatory sensitivity
was impaired, but in fact he referred to olfactory sensations. He was unable
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to recognize rancid butter, spoiled eggs, or the "taste" of spices. He per-
ceived sweet, salty, sour, and bitter tastes of food.
Results of examiation. Fifty-seven tests were made. (i) Sweet. (a)
Right half of tongue. At the base no impairment was found, the 40% solu-
tion was tasted equally well on either side. A weaker solution was not
applied. There was hypogeusia at the border (a 3% solution was perceived
once as bitter and once it was not tasted, and a 0%o solution, after a long
latent period, was reported as "sweet, but not definite"). At the tip there
was slight hypogeusia, a 3%o solution being in one instance promptly tasted,
but in 2 other tests only after a long latent period and then as "slightly
weaker" than at the left tip. (b) Left half of tongue. At the base no impair-
ment was found (same examination as at the right side). At the border
there was a slight hypogeusia (a 3%o solution was once recognized after a
delay and once questioned as "sweet, bitter, salty." A 10%o solution, after
a long latency, was first tasted as "sweet, with a little bitter," and then as
"definitely sweet"). At the tip there was intact taste.
(ii) Salty. (a) Right half of tongue. At the base there was hypogeusia,
since 2.5%o and 20%o solutions were tasted as "bitter." At the border there
was hypogeusia (2%o, 2.5%o and 20%to solutions were perceived as "bitter";
2.5% solution in another trial, after rather long latency, as possibly "bitter or
salty"). At the tip was slight hypogeusia (2.5%o solution after slight uncer-
tainty as to whether it was "sour or bitter or salty" was recognized as salty;
in another trial it was promptly recognized; while in a third trial was per-
ceived "bitter, then sour." A 3%o solution was perceived as "sour," a 20%o
as salty.) (b) Left half of tongue. At the base was slight hypogeusia (2.5%o
solution was "bitter or sour"; 20%o solution after a long delay was "very
weakly salty"). The difference between left and right bases was only slight.
At the border there was also slight hypogeusia (2.5%o solution was recognized
as salty; 20%o solution was "bitter"). The tip was also slightly hypogeusic
(2.5%7o solution was "bitter"; in a second trial it was "bitter, then sour."
A 3%o solution was tasted as "sour"; 20%o as "sour, with a bitter after-
taste," another time as "salty, clearer than at the right tip").
(iii) Sour. (a) Right half of tongue. At the base perception was almost
intact, since a 5%o solution was perceived as "very strongly sour," although
"mixed with a little bitter." At the border was slight hypogeusia (1%
solution was once perceived as "sweet or bitter, then bitter," a second time
as "bitter, with gradual change to sour," a third time, after a delay, as
"bitter-sour, then sour," but as less clear than at the left border). At the
tip, taste was intact (with 1 o solution). (b) Left half of tongue. Percep-
tion was almost intact at the base (after a latent period, "at first sour or
bitter, then clearly sour"). Perception was intact at border and tip.
(iv) Bitter.* (a) Right half of tongue. At the base, there was slight hypo-
* Bitter was, in this case, tested only with a 0.075%o solution.
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geusia (in the first trial, the bitter stimulus was tasted as sour, in a second
trial, made immediately after a like test on the left base, it was bitter). At
the border, hypogeusia was noted (in the first trial, the first drop was not
perceived at all and the second drop as very weak. In a second trial, which
followed a similar experiment at the left border, the response was relatively
delayed and the bitter taste was "somewhat weaker" than at the left border).
Perception was intact at the tip. (b) Left half of tongue. Gustatory acuity
was intact (first stimulus was, at the tip, tasted as "perhaps bitter, but
not absolutely sure";
in a second trial as L
clearly bitter).
Olfaction
The patient com-
plained of a complete
loss of smell, dating, he
said, from the injury.
Examination revealed
complete anosmia on
both sides. This was
possibly due to the fre-
quent colds from which
the patient suffered.
Localization of the
lesion.
The biopsy re-
vealed a large subdural
hematoma beneath the
FIG. 3. Case 3. In this case the scar has not been
indicated, as the clinical signs were produced by the hema-
toma. (See legend to Fig. 1 for further explanation of
the record.)
bone lesion. The projection of the bone defect upon the brain and the neuro-
logical signs point to a lesion of the cerebral cortex which involved chiefly
the pre- and postcentral areas for the right hand. In a lesser degree the areas
of face, tongue, mouth, and chewing muscles were involved. Furthermore,
the frontal operculum and the upper part of the temporal lobe were involved,
and also slightly the leg area. The damage of the cortex was not caused by the
bullet but by the hematoma which was a consequence of the transplantation.
Summary
A bullet wound in the left parietal bone of a 19-year-old boy was
obviously not accompanied by a brain lesion. After transplantation of a bone
graft, a subdural hematoma over the pre- and postcentral gyri developed and
produced the parietal operculum syndrome. The examination of taste six
years after lesion revealed hypogeusia for sweet, salty, and bitter, and slight
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hypogeusia for sour on the contralateral side of the tongue. The border of
the tongue was chiefly involved. The disturbance was slight on the ipsilateral
side of the tongue and chiefly involved salty, bitter not at all. Remarkable
in this case were the frequent parageusias. Sweet solutions were sometimes
tasted as bitter and as salty; salt solutions as bitter and as sour; sour as sweet
and as bitter; bitter as sour. The most frequent "substitute" elicited by the
stimulus was, therefore, bitter; it followed sour, sweet, and salty. This phe-
nomenon, much more outspoken in this case than in normal subjects, can
not be explained. Neither the normal distribution of taste-preference areas
(p. 136), nor the extension of the taste defects in this particular case provides
a hint. The patient perceived in one trial, in which sour was offered at the
border of the tongue "a gradual transition from bitter into sour." This is
remarkable, since the latent period for bitter normally is longer than that for
any other taste quality, and bitter was also impaired in the same area of the
tongue. It is interesting that the impairment for salty was nearly as great on
the left side of the tongue as on the right (contralateral) side.
The gustatory disturbances were not perceived by the patient. The olfac-
tory defect was perceived. The bilateral anosmia was apparently a conse-
quence of a peripheral process in the mucosa of the nose. A cerebral lesion
in one hemisphere, resulting from a superficial surgical intervention, would
not have produced a complete anosmia. The olfactory centers are, moreover,
located on the base of the brain.
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